2 4 SO / − TiO 2 -La 2 O 3 , a novel solid superacid, was prepared and its catalytic activities at different synthetic conditions are discussed with esterification of n-butanoic acid and n-butyl alcohol as probing reaction. The optimum conditions have also been found, mole ratio of n(La
INTRODUCTION
There is considerable interest in synthesizing acetals and ketals as important perfume substances and industrial raw materials of organic synthesis (Loader and Anderson, 1978; Dhrubojyoti et al., 1999; Wang et al., 1992b) . Concentrated sulfuric acid and other analogous Brönsted acids used as catalysts in industrial processes for many years, exposed their defects, such as the corrosion of the reactors, difficulties in product separation and catalyst recovery, pollution by acidic waste water, poor quality of the products, etc. The alternative catalysts, for example, transition metal salt (Dhrubojyoti et al., 1999; Li and Cheng, 2001) , TiSiW 12 O 40 /TiO 2 (Yang et al., 2003) , tungstosilicic acid supported on active carbon (Yang et al., 2005a) , montmorillonite K 10 (Li et al., 1996) , solid superacid (Wang et al., 1992b) , have been developed for environmental protection and technoeconomical profit. Among substitutes, much attention has been paid to solid superacids in various industrial processes due to their successful application in several important acid-catalyzed reactions (esterification, acelation) (Wang et al., 1992b; Kirbaslar et al., 2001; Hess and Kemnitz, 1997) . Lu and Zu (2002) reported that the 2 4 SO − -M x O y -type solid superacid has excellent catalytic activity for esterification due to its super acidity in heterogeneous systems. However, the structural stability and the catalytic activity should be further improved. It was suggested that intermingling 2 4 SO − -M x O y with transition metal oxides was a possible method for solving the above problems (Ma and Li, 2002; Yang et al., 2005b 
EXPERIMENTAL DETAILS

Materials and measurements
All chemicals were commercial products of reagent grade. The X-ray powder diffraction pattern of the powder samples was measured by a Rigaku model XRD-6000 X-ray diffractometer employing Cu K α radiation with the accelerating voltage 40 kV and applied current of 30 mA, respectively in scanning range of 2θ of 10°~70°. The infrared spectra were recorded on a Nicolet 5DX FT-IR spectrophotometer with liquid membrane in the 400∼4000 cm −1 region. 1 H NMR spectra were determined on a (Gao et al., 1994) .
Acid strength measurement of catalysts
The acid strengths of the catalysts were examined by the colour change method using the Hammett indicator (Gao et al., 1992) , when a powdered sample was added to an indicator dissolved in dry benzene.
Synthesis of acetals and ketals
The reaction was carried out in a three-neck flask equipped with a stirrer, a reflux condenser and a thermometer. Certain amounts of ethyl acetoacetate, cyclohexanone, butanone, butyraldehyde, benzaldehyde were added separately with alcohol (ethylene glycol or 1,2-propylene glycol) and the catalyst. The solution was heated to boiling and refluxed until no water flowed off, then distilled after ridding the water anhydrous magnesium sulfate to obtain the desired product. sulphurous species on the catalyst surface (Gao et al., 1996) and provide the corner of strong acid by induction, with the result according with reports of (Yin et al., 1994) . The X-ray powder diffraction spectrum of solid samples (Fig.2) The reaction was carried out in a three-neck flask equipped with a stirrer, a reflux condenser and a thermometer. Certain amounts of n-butanoic acid and n-butyl alcohol were added with molar ratio of acid to alcohol being 1.3:1 separately, mass ratio of the catalyst used in the reactants being 1.5%. The results in Fig.3b and Fig.3c show the influences of the H 2 SO 4 The results in Fig.3d and Fig.3e (Zhang et al., 1993) 
RESULTS AND DISCUSSION
Solid
2 4 SO − -M x O y -type solid superacid inw(SO 3 ) (%) Yield (%) Soaked consistency of H 2 SO 4 (mol/L) 2.0 (a) (b) (c) (d) (e)
Acetals and ketals
Some equations and experiment results on the synthetic acetals and ketals are listed:
The yield of ten classes of acetals and ketals under typical reaction conditions (molar ratio of aldehyde/ketone to glycol is 1:1.5, the quantity of catalyst is equal to 0.5% of feed stocks, the reaction time is 1.0 h) can reach 41.4%∼95.8%. The amount of reactant of aldehyde/ketone was fixed in 0.2 mol with cyclohexane as water-removed reagent. Results of these synthesis reactions are summarized in Table 2 .
From the data listed in the that of other catalyst used in these reactions (Wang et al., 1992a; Zhang et al., 1995) . All these helped to solve the technical problems of industrial processes.
When the temperature rose, we observed the solution of reagents became dark in color because temperature above the optimum condition would decrease the activity of catalyst. More reaction time was needed to keep the yield but the activity began to decrease after two hours. Comparing the 2 alcoholic reactants, the special steric hindrance and the density of electron atmosphere on oxygen atoms exerted opposite effects on yield. The former kept oxygen atoms from approaching carbonium ions and the C-O binding was difficult to form. But the latter decreased the density of electron atmosphere on oxygen atoms bonded with carbonium ions so as to alleviate the rejection of the electron atmosphere of two oxygen atoms. To reactions 3a and 3j, the special steric hindrance disadvantageous effect and took the leading role. For the rest, the density of electron atmosphere on oxygen atom predominated.
CONCLUSION
The following conclusions can be drawn from this study: (1) The optimum synthetic conditions of 2 4 SO / − TiO 2 -La 2 O 3 are: mole ratio of n(La 3+ ):n (Ti  4+ ) is 1:34, the soaked consistency of H 2 SO 4 is 0.8 mol/L, impregnation time of H 2 SO 4 is 24 h, the calcination temperature is 480 °C, the calcining time is 3 h. (2) The molar ratio of aldehyde/ketone to glycol is 1:1.5, the mass ratio of the catalyst used in the reactants is 0.5%, and the reaction time is 1.0 h, the yields of ketals and acetals can reach 41.4%∼95.8%. (3) The esterification of n-butanoic acid and n-butyl alcohol as probing reaction showed efficiently highly catalytic activity of 
